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(57) ABSTRACT 
A gamma ray detector for detecting a gamma ray emitted 
from a target of measurement includes: an organic scintillator 
for detecting Compton electrons resulting from a gamma ray 
emitted from the target of measurement; an inorganic scintil 
lator for detecting a Compton gamma ray; and photodetector 
modules for detecting light generation in the corresponding 
scintillators. Light generation signals from the organic and 
inorganic scintillators are synchronously measured, and a 
detection WindoW of a gamma ray is generated. Thus, an 
inexpensive radiation diagnostic device of an ultra-high S/N 
ratio and loW cost is provided. 
29 Claims, 17 Drawing Sheets 
20 
Operation 
unit 
'18 
m /# /y1s 
\ | I l '18 
I 
11."‘ 1 M91. 
) 
'12 
5 

US. Patent Jun. 18, 2013 Sheet 2 0f 17 US 8,466,418 B2 
Fig. 3 
16 164 
Fig. 4 
US. Patent Jun. 18, 2013 Sheet 3 0f 17 US 8,466,418 B2 
Fig. 5 
V. m a m m a G 
US. Patent Jun. 18, 2013 Sheet 4 0f 17 US 8,466,418 B2 
W Gamma ray 
M Compton scattered gamma ray 
Gamma ray 
mm)- Compton scattered eiectron 

US. Patent Jun. 18, 2013 Sheet 6 0f 17 US 8,466,418 B2 
Fig. 9 
(A) Determination of 
synchronous measurement 
Processing circuit A‘i 
">t~w*z—ATLW 
Processing circuit A2 
Synchronous measuring window -—--J__L___---____ 
(B) if there is overtap >i—iew A T SW 
Processing circuit A1 I l 
ATLW 
Processing circuit A2 
ai?'e- Detection window A Tw< A T sw 
Detection window 
(C) lfthere is no overlap _>‘___{<_ A T SW 
Organic scintiiiator - l I 
ATLW 
inorganic scintiliator 
Detection window A TW= A T SW 
Detection window 
US. Patent Jun. 18, 2013 Sheet 7 0f 17 US 8,466,418 B2 
:l: ........@ 
g u m<“5E6 
cozEmnO 
a 2.mm 
US. Patent Jun. 18, 2013 Sheet 8 0f 17 US 8,466,418 B2 
US. Patent Jun. 18, 2013 Sheet 9 0f 17 US 8,466,418 B2 
850w Em: 9”.296Bowh v
8 .5 
cm 
QEQ EmowEonE mo?mmnoa 2%Q3
US. Patent Jun. 18, 2013 Sheet 10 0f 17 US 8,466,418 B2 
wBmEEooo ECEwEQ ?éQE.Amv
2 .5 
US. Patent Jun. 18, 2013 Sheet 11 0117 US 8,466,418 B2 
Fig. 14 
Interaction point 
:3} Interaction point 
“Mr Gamma ray 
Gamma ray Compton scattered gamma ray 
MY» Compton scattered electron 
US. Patent Jun. 18, 2013 Sheet 12 0117 US 8,466,418 B2 
US. Patent Jun. 18, 2013 Sheet 13 0f 17 US 8,466,418 B2 
V11. 
W1 2 
Fig. 19 
/ 
mm‘ was. 
"8 ‘N l’! I 18 
11. Y 11. 
US. Patent Jun. 18, 2013 Sheet 14 0f 17 US 8,466,418 B2 
Fig. 20 
( Start ) 
Entry of gamma ray 
Detector moduie A 
S0 
gay-2 Sal-1 
inorganic tight Organic light 
generation srgnai generation signal 
Sag-2 Sa2-~1 
Processing Processing 
crrcurt A2 circuit A'i 
Creation of T/E memory S83 
Synchronous window scanning S34 
1 
E check S85 
Determination of S216 
synchronous measurement 
Creation of pair list 537 
End 
US. Patent Jun. 18, 2013 Sheet 15 0117 US 8,466,418 B2 
Fig. 21 
SO@ 
Entry of 
gamma ray 
l 
sa1—2 Sal-1 Sb1~1 sin-2 
Inorganic Eight Organic Eight Organ 0 light inorganic light 
generation signal generation signal generation signal generation signal 
332'? Saw Sa2—2 Sa2-1 
Processing Processing Processing Processing 
circuit A2 circuit A1 circuit B2 circuit B1 
_ S213 . Sb3 
Creation of TIE memory Creation of TIE memory 
1 | 
Synchronous window 334 Synchronous window Sb’; 
scanning scanning 
' s35 1 Sb5 
E check E check 
3 l 
Determination of Sas Determination of Sab 
synchronous measurement synchronous measurement 
l l 
. _ _ Sa? _ . _ Sb? 
Creation of pair list Creation of pair iist 
1 
Creation of . S38 Crea ion of _ SbB 
synchronous time list synchronous time list 
S9 Simultaneous measuring 
window scanning 
_ Determination of 
simultaneous measurement 
Creation of simuttarieous 
measurement list 
S10 
Sli 
US. Patent Jun. 18, 2013 Sheet 16 0f 17 
Fig. 22 
CIOCK Organic ?ag Inorganic ?ag Result 
10001 
svs'gggirr'gus 10002 45 TRUE 
Window 1000a 55 
1 O 0 O 2 
10004 
10005 
[10°06 10006 30 70 '{RUE 
1000? 
10008 
10009 
“W10 10010 50 mus 
|1°°11 1001 1 5o 50 TRUE 
10012 
10013 
P0014 10014 50 FALSE 
10015 50 
10016 50 
10017 
syglcghnrgirégus 100 1 8 40 60 FALSE 
£05132 1 001 9 10 
10020 
US 8,466,418 B2 

US 8,466,418 B2 
1 
GAMMA RAY DETECTOR, RADIATION 
DIAGNOSTIC DEVICE, TOMOGRAPHY 
DEVICE, AND METHOD OF ANALYZING 
TOMOGRAPHY DEVICE 
TECHNICAL FIELD 
The present invention relates to a gamma ray detector, a 
radiation diagnostic device, a tomography device, and a 
method of analyzing the tomography device. In particular, the 
invention relates to a super high sensitive gamma ray detector 
that can be realiZed at loW cost Without using a collimator, a 
radiation diagnostic device using the gamma ray detector, a 
tomography device, and a method of analyZing the tomogra 
phy device. 
BACKGROUND ART 
Positron emission tomography (PET) using a labeling 
agent exhibiting excellence in sensitivity and quantitative 
performance has Widely been used in clinical practice in 
recent years in order to obtain information that can be 
re?ected in a treatment plan such as cancer detection, deter 
mination of benignity versus malignancy, determination of 
the effect of treatment, diagnosis of relapse, and prognostic 
prediction. Widespread use of PET testing develops a fear of 
exposure of examinees and healthcare Workers (doctors, 
radiographers and nurses) to radiation. Controlling the expo 
sure to a minimum possible level is an important problem to 
be solved. MeanWhile, in order to ease examinee’s anxiety 
during testing, it is desired that a radiation diagnostic device 
With high resolution and high detection e?iciency capable of 
making a determination promptly and appropriately be 
offered at loW cost. 
An example of a gamma ray detector used in such a radia 
tion diagnostic device is disclosed in Patent Document 1. In 
the gamma ray detector disclosed therein, a collimator, NaI 
(sodium iodide), and a PMT (photomultiplier tube) are 
stacked. Parallel holes of a small diameter are de?ned in the 
lead collimator, and only those gamma rays that travel from a 
direction of the holes are guided by the collimator to a single 
crystal of NaI. Then, ?uorescent light of an intensity propor 
tionate to the energy transfer from the gamma rays is gener 
ated at the single crystal. The ?uorescent light is detected by 
the PMT, so that the intensity and position of the gamma rays 
are determined. 
Patent Document 2 discloses a dual-purpose device func 
tioning both for SPECT (single photon emission computed 
tomography) and PET Where gamma ray detectors are 
arranged to place a target of measurement therebetWeen. 
Further, Patent Document 3 discloses a gamma ray detector 
Where a group of scintillators With a large number of colum 
nar scintillators closely connected together, and anAPD array 
With a large number of avalanche photodiodes (APD) closely 
connected to the scintillators, are optically coupled. 
[Patent Document 1] Japanese Patent Application Laid-Open 
No. Hei. 5-66275 
[Patent Document 2] Japanese Patent Application Laid-Open 
No. 2001-159682 
[Patent Document 3] Japanese Patent Application Laid-Open 
No. Hei. 7-311270 
HoWever, there are problems that use of a collimator as in 
the technique disclosed in Patent Document 1 increases the 
Weight and siZe of a detector. The technique disclosed in 
Patent Document 2 ?nds it di?icult to accurately specify the 
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2 
position of a radionuclide. Further, the technique disclosed in 
Patent Document 3 requires a radiation detector of a compli 
cated structure. 
DISCLOSURE OF INVENTION 
The present invention has been made to solve the foregoing 
problems of the conventional techniques. An object of the 
invention is to provide a gamma ray detector at loW cost that 
is capable of realiZing an ultra-high S/N ratio, high-energy 
resolution, high spatial resolution, and high temporal resolu 
tion. 
The invention solves the foregoing problems in the Way as 
folloWs. A gamma ray detector for detecting a gamma ray 
emitted from a target of measurement includes: an organic 
scintillator for detecting Compton electrons resulting from a 
gamma ray emitted from the target of measurement; an inor 
ganic scintillator for detecting a Compton gamma ray; and 
photodetectors for detecting light generation in the corre 
sponding scintillators. The gamma ray detector performs syn 
chronous measurement to select a pair according to the same 
event by using a detected time and detected energy detected 
by each of the photodetectors on the basis of light generation 
in the organic scintillator and the inorganic scintillator. 
If the detector modules are provided as a pair, the detector 
modules each perform synchronous measurement, thereby 
enhancing performance of noise removal. 
A detection WindoW of a gamma ray When a determination 
of synchronous measurement may be made as a standard of a 
detected time of light generation in the organic scintillator. 
The interval of a detection Window to be generated may be 
changed betWeen When a very short short-time WindoW 
appropriate to the time Width of light generation in the organic 
scintillator and a relatively long long-time WindoW appropri 
ate to the time Width of light generation in the inorganic 
scintillator overlap each other, and When they do not overlap 
each other. This enhances measurement accuracy. 
If the very short short-time WindoW appropriate to the time 
Width of light generation in the organic scintillator and the 
relatively long long-time WindoW appropriate to the time 
Width of light generation in the inorganic scintillator overlap 
each other, an overlapping interval may be de?ned as a detec 
tion WindoW, and may be employed as a standard of a detected 
time. 
If the very short short-time WindoW appropriate to the time 
Width of light generation in the organic scintillator and the 
relatively long long-time WindoW appropriate to the time 
Width of light generation in the inorganic scintillator do not 
overlap each other, the very short short-time WindoW appro 
priate to the time Width of light generation in the organic 
scintillator may be de?ned as a detection WindoW, and may be 
employed as a standard of a detected time. 
A detected time and detected energy detected by the pho 
todetector for the inorganic scintillator, and those detected by 
the photodetector for the organic scintillator may be scanned 
along the time axis Within a synchronous scanning WindoW of 
a predetermined time Width. Then, a ?ag in the synchronous 
scanning WindoW can be detected immediately before the 
synchronous scanning WindoW passes through an organic 
?ag. 
Further, a sum of detected energy of all ?ags in the syn 
chronous scanning WindoW may be obtained immediately 
before the synchronous scanning WindoW passes through the 
organic ?ag. If the sum is smaller than a reference level of 
emitted energy of a gamma ray, the organic ?ag may be 
determined as a noise. 
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The energy of the organic ?ag may be detected immedi 
ately before the synchronous scanning WindoW passes 
through the organic ?ag. If the detected energy is greater than 
a reference level of emitted energy of a gamma ray, the 
organic ?ag may be determined as a noise. 
Further, the accuracy of a time measured in simultaneous 
measurement may be enhanced by measuring the time on the 
basis of the synchronous measuring WindoW. 
Gamma rays emitted from the target of measurement can 
be reconstructed by adding the absorbed amounts of energy of 
the gamma rays synchronously measured in the tWo types of 
scintillators. 
A region of emission from the target of measurement can 
be limited by arranging the detector modules as a pair to place 
the target of measurement therebetWeen, and by making each 
of the detector modules reconstruct a gamma ray. 
A position of emission from the target of measurement can 
be speci?ed to that on a line Without performing Fourier 
conversion by arranging the detector modules as a pair to 
place the target of measurement therebetWeen, and by con 
necting positions by the line Where gamma rays are generated 
in the corresponding organic scintillators. 
The above-described limited region of emission can be 
speci?ed to a line in the foregoing Way. 
A distance from the organic scintillator to the target of 
measurement may be determined in the above-described lim 
ited region of emission by analyZing a time of ?ight. 
The time of ?ight can be analyZed by using the respective 
outputs from the foregoing detector modules as a pair. 
The inorganic scintillator may be arranged on a side sur 
face of the organic scintillator. 
The inorganic scintillator may have a Wedge shape With a 
sharp edge pointing to the target of measurement. 
The photodetector can be arranged such that a photo-de 
tecting section of the photodetector optically faces part of a 
light extraction surface of the scintillator. A photodetector for 
obtaining a distribution of light generation in the X direction 
based on a ?uorescence distribution analysis technique, and a 
photodetector for obtaining a distribution of light generation 
in theY direction based on the ?uorescence distribution ana 
lyZing technique, may be provided on the optically facing 
part. 
The photodetectors can be arranged along the X and Y 
central axes of the light extraction surface of the scintillator. 
Data obtained by simultaneous measurement of a synchro 
nously measured event may be constructed into an image 
Without performing Fourier conversion. This reduces time for 
image formation While enhancing image accuracy. 
The gamma ray detector may be employed as a single 
detector module. 
The gamma ray detector may be employed as a detector for 
an SPECT device. 
The gamma ray detector may be employed as a detector for 
a PET device. 
The invention is also intended to provide a radiation diag 
nostic device Where the gamma ray detector is arranged 
around a target of measurement. 
The invention is also intended to provide a tomography 
device Where the gamma ray detectors are arranged as a pair 
in order to detect annihilation gamma rays as a pair emitted in 
opposite directions from a target of measurement. 
The invention is also intended to provide a tomography 
device for analyZing times of ?ight by using outputs from the 
gamma ray detectors as a pair. 
The invention is also intended to provide a method of 
analyZing a tomography device. The method is performed on 
the foregoing tomography device, and includes: a step of 
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identifying energy in a detection WindoW of a gamma ray 
suitable for characteristics of the organic scintillator; a step of 
identifying a gamma ray by using a sum of energy of the 
organic scintillator and the inorganic scintillator; a step of 
calculating ?uorescent coordinates in the organic scintillator 
by using a scintillation distribution Within the organic scin 
tillator; a step of specifying a region speci?ed only by energy 
information to a line by connecting ?uorescent coordinates in 
the tWo organic scintillators as a pair by a line; and a step of 
specifying three-dimensional coordinates of a radionuclide 
on the line by using a difference betWeen arrival times of 
gamma rays at the tWo organic scintillators as a pair. 
The invention is also intended to provide a computer pro 
gram readable from a recording medium, and Which causes a 
computer to execute the method of analyzing a topography 
device. 
The invention is also intended to provide a computer-read 
able recording medium Where the computer program is 
stored. 
An organic scintillator has conventionally been considered 
as inappropriate for gamma ray detection due to its loW den 
sity that causes a plenty of gamma rays to pass therethrough. 
Meanwhile, in the invention, an organic scintillator is com 
bined With an inorganic scintillator, and a synchronous mea 
suring technique that is a neWly developed analysis method is 
employed. Thus, the invention makes it possible to detect a 
gamma ray in a Wide-energy region (ranging from several 
tens of kilo-electron volts to some mega-electron volts). Next, 
the characteristics of the invention in terms of softWare, and 
those of the invention in terms of hardWare are described in 
this order. 
The characteristics of the invention in terms of software 
include a synchronous measuring technique. In the synchro 
nous measuring technique, a pair based on the same event is 
selected according to detected time and detected energy 
detected by each of photodetectors for detecting light genera 
tion in organic and inorganic scintillators. The synchronous 
measuring technique is described next by referring to the ?oW 
charts of FIGS. 20 and 21. 
As shoWn in FIG. 20, a detector module of the invention 
includes an organic light generation signal (Sal-1) and an 
inorganic light generation signal (Sal-2) for detecting 
gamma rays, and processing circuits A1 (Sa2-1) andA2 (Sa2 
2) for photoelectrically converting the corresponding light 
generation signals. Each processing circuit generates an elec 
tric signal containing information about the time and energy 
(T/ E) of a detected gamma ray on the basis of the correspond 
ing light generation signal. 
In the synchronous measuring technique shoWn in FIG. 20, 
electric signals generated by the processing circuits A1 and 
A2 are processed by sequentially folloWing a series of sta 
tuses including creation of a T/ E memory (Sa3), synchronous 
WindoW scanning (Sa4), E check (S5), determination of syn 
chronous measurement (Sa6), and creation of a pair list (Sa7). 
Then, a noise event is removed from a light generation signal 
of a gamma ray detected by the detector module, and the 
organic light generation signal (Sal-1) and the inorganic light 
generation signal (Sal-2) based on a true event are selected as 
a pair. Here, a description is given of a process content for 
respective statuses on the basis of the assumption that a 
gamma ray With energy F enters the detector module (S0). 
First, in the creation of a T/E memory (Sa3), electric sig 
nals generated by the processing circuits A1 and A2 are 
placed in a table as shoWn in FIG. 22 that is to be stored in a 
memory. In the example shoWn in FIG. 22, the organic light 
generation signal (Sal-1) is Written into a column of organic 
?ags, and the inorganic light generation signal (Sal -2) is 








